Diluted Magnetic Semiconductors (DMS) of III-V or II-VI types have been obtained by doping semiconductors with magnetic impurities (Mn for example)
1,2 . These materials are very interesting due to their potential applications for spintronics 3 . However, the low Curie temperature (T C ) has limited their interest 4 . Based on the theoretical works of Dietl et al. 5 , several groups 6 have studied the growth of Co-doped ZnO films [7] [8] [9] [10] which is a good candidate having a high T C 5 . Using pulsed laser depositions (PLD), Ueda et al. reported ferromagnetism (FM) above room temperature 7 , while Jin et al. found no indication of FM by utilizing laser molecular beam epitaxy 8 . This controversy between research teams may result from the growth method used and/or from the growth conditions (oxygen pressure, deposition temperature, etc...). In the particular case of the PLD technique, it may also arise from the targets preparation and this parameter has never been considered up to now.
One of the reason is that the control of the dopant incorporation would be quite difficult to obtain using a pre-doped ceramic oxide target 11 . This is a crucial point since the properties of the DMS are very sensitive to the percentage of dopant 12 . The homogenity of dopant incorporation as well as the precise control of the growth might be responsible for the changes in the physical properties of the films obtained by the different groups.
Therefore, the objective of this investigation is two fold : first to develop an accurate method to grow the Co:ZnO films with a precise doping and second to understand their properties. To achieve such a goal, Co-doped ZnO films were deposited from two pure metal targets of Zn and Co and our results are reported in this letter.
The Co:ZnO films were grown using the pulsed laser deposition technique. Zinc (99.995%) and Cobalt (99.995%) targets were used as purchased (NEYCO, France) without further preparations. The films are deposited using a KrF laser ( λ = 248mm) 13 on (0001) Al 2 O 3 substrates. The substrates were kept at a constant temperature in the range 500
• C-750 • C during the deposition which was carried out a pressure around 0.1T orr of pure oxygen. After deposition, the samples were slowly cooled to room temperature at a pressure of 300mT orr of O 2 . The deposition rate is 3Hz and the energy density is close to 2J/cm 2 .
The composition of the film was checked and corresponds to the nominal one in the limit of 2 the accuracy.
The structural study was done by X-Ray diffraction (XRD) using a seifert XRD 3000P
for the Θ − 2Θ scans and an X'Pert Phillips for the in-plane measurements (Cu, Kα1,
In order to grow Co:ZnO films, we firstly need to deposit high quality ZnO films. The resulting XRD pattern of ZnO is show in Fig (Fig.4) . Reagrding this curve, it seems that the limit of the solution is close to 9%, since for higher Co content, the lattice parameter do not change.
We investigated the magnetic properties of these thin film samples using a SQUID magnetometer. Fig.5 shows the M(T ) recorded for a 5% Co-doped ZnO film 18 . The ferromagnetic behavior is observed on the M(H) in the whole temperature range between 5-300K (inset of Fig.5 ). The hysteresis of the magnetization is very small (about few Gauss). M(T ) curves (Fig.5) clearly evidences that the film is ferromagnetic with a Curie temperature around 300K. The transition from the ferromagnetic state to the paramagnetic state is clearly seen, suggesting that the mettalic Co clusters (the T C of the metal Co clusters is above 1000K) are not responsible for the effect observed at 300K 9,10 . Moreover, the saturation moment (0.7 µ B /mole Co) is very weak compared to 1.7µ B of metallic Co [0] , suggesting that the Co state should be close to Co 2+ . The increase of the out-of-plane lattice parameter as the cobalt content increases is also in favor of Co 2+19 . We believe that this is due to the technique used in the study where not only the conditions of the deposition minimize the strains but also the alternately deposition from the two targets favors the homogeneity of the doped films.
Moreover, it has been seen that the low temperature of deposition leads to homogenous films 9 .
In conclusion, we have developped an alternative method for the growth of pulsed laser deposited thin films. This method permits an accurate control of the dopant in the matrix.
To illustrate this procedure, we firstly synthesized high quality ZnO thin films on Al 2 O 3 (0001) substrates and minimized the substrate-induced strain by optimizing the growth conditions. Secondly, we utilized this process to deposit high quality Co-doped ZnO films with a Curie temperature close to room temperature. The growth of these ferromagnetic films opens the route for the fabrication of spin-based electronics since this original method can be used to grow various oxide thin films.
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